Isolated office hypertension (IOH) has been associated with structural cardiac abnormalities; however, its relation to worse cardiovascular prognosis remains uncertain. Less is known regarding the consequences of uncontrolled IOH in treated hypertensives. The aim was to investigate whether uncontrolled IOH was independently associated with two subclinical markers of cardiovascular disease, aortic stiffness and left ventricular hypertrophy (LVH). Clinical laboratory and 24-h ambulatory blood pressure (BP) data were obtained in 523 hypertensive patients with type 2 diabetes. Controlled office-ambulatory hypertension was defined by office blood pressure o140/90 mm Hg and 24-h BP o130/80 mm Hg, whereas uncontrolled IOH by office blood pressureX140/90 mm Hg and 24-h BP o130/80 mm Hg. Arterial stiffness was assessed by carotid-femoral pulse wave velocity (PWV) and left ventricular mass index (LVMI) by echocardiography. Statistics included multivariate linear and logistic regressions. According to BP patterns, 152 patients (29.1%) had controlled office-ambulatory hypertension, and 172 (32.9%) had uncontrolled IOH. Patients with uncontrolled IOH had greater LVMI (62.0 ± 21.9 vs. 52.9 ± 17.0 g m À2.7 , Po0.001) and PWV (11.5 ± 2.4 vs. 10.2 ± 2.1 m s À1 , Po0.001) than those with controlled hypertension. On linear model, after adjustment for several potential confounders, patients with uncontrolled IOH persisted with higher PWV (P¼0.003) and LVMI (P¼0.015). On logistic regression, the presence of uncontrolled IOH was independently associated with 2.7-fold (95% CI: 1.3-5.5) and 2.1-fold (95% CI: 1.1-4.0) higher risks of having increased aortic stiffness and LVH, respectively. In conclusion, uncontrolled IOH is associated with increased aortic stiffness and LVH in hypertensive type 2 diabetic patients. This may be a link to augmented cardiovascular risk. Keywords: aortic stiffness; left ventricular hypertrophy; type 2 diabetes; uncontrolled isolated office hypertension INTRODUCTION Some studies showed a better cardiovascular prognosis for isolated office hypertension patients (white-coat hypertension) than for those with sustained hypertension; 1-3 however, its prognostic significance in relation to sustained normal blood pressure (BP) remains controversial. 1,4-6 Nonetheless, isolated office hypertension has been associated with structural cardiac abnormalities in general population studies, mainly increased left ventricular mass, 7-9 which is a known marker of increased cardiovascular risk. 10 In normoalbuminuric type 2 diabetic patients, the prevalence of isolated office hypertension appears to be identical to hypertensive nondiabetic individuals, 11 and the presence of isolated office hypertension has been associated with macroalbuminuria and diabetic retinopathy. 12 However, less knowledge is available regarding the importance of uncontrolled isolated office hypertension (the white-coat effect) in treated hypertensives in relation to those with sustained controlled office and ambulatory hypertension.
INTRODUCTION
Some studies showed a better cardiovascular prognosis for isolated office hypertension patients (white-coat hypertension) than for those with sustained hypertension; [1] [2] [3] however, its prognostic significance in relation to sustained normal blood pressure (BP) remains controversial. 1, [4] [5] [6] Nonetheless, isolated office hypertension has been associated with structural cardiac abnormalities in general population studies, mainly increased left ventricular mass, [7] [8] [9] which is a known marker of increased cardiovascular risk. 10 In normoalbuminuric type 2 diabetic patients, the prevalence of isolated office hypertension appears to be identical to hypertensive nondiabetic individuals, 11 and the presence of isolated office hypertension has been associated with macroalbuminuria and diabetic retinopathy. 12 However, less knowledge is available regarding the importance of uncontrolled isolated office hypertension (the white-coat effect) in treated hypertensives in relation to those with sustained controlled office and ambulatory hypertension.
In recent years, there is a growing knowledge on the importance of arterial stiffness in the pathogenesis of cardiovascular diseases. 13 Type 2 diabetic patients have increased arterial stiffness 14, 15 and are at particularly augmented risk for cardiovascular morbidity and mortality. Arterial hypertension and ageing are the main determinants of arterial stiffness; 13 and previous reports suggested that white-coat hypertensives may have higher arterial stiffness than normotensive individuals, 16 and that the white-coat effect may be associated with increased arterial stiffness. 17 Nevertheless, relationships between aortic stiffness and isolated office hypertension in diabetic patients have not been specifically investigated. We previously showed that aortic stiffness was independently related to microvascular complications in type 2 diabetic patients. 18 The white-coat phenomenon, acute rises in BP levels that underlie uncontrolled isolated office hypertension in treated patients, was shown to increase retinal flow, suggesting that acute alterations in BP may have a deleterious effect on retinal vessels. 19 Hence, we hypothesized that type 2 diabetic patients with uncontrolled isolated office hypertension may have increased aortic stiffness in comparison to those with controlled office and ambulatory BP levels. Therefore, we planned to investigate office and ambulatory BP patterns in a cohort of hypertensive type 2 diabetic patients, with particular attention to the relationships between uncontrolled isolated office hypertension (white-coat effect) and two markers of subclinical cardiovascular disease, increased aortic stiffness and left ventricular mass.
METHODS

Study patients and baseline procedures
It was a cross-sectional study within a cohort of 567 patients with type 2 diabetes enrolled from August 2004 to December 2007 in the outpatient clinic of a tertiary-care university hospital. Exclusion criteria to enter the cohort were a body mass index X40 kg m À2 , serum creatinine X2 mg per 100 ml or the presence of any serious concomitant disease limiting life expectancy. Diagnosis of diabetes followed the guidelines of the American Diabetes Association. 20 All patients gave written informed consent and local ethics committee approved the study protocol. They were submitted to a standard protocol that included a complete clinical examination, laboratory evaluation, 24-h ambulatory BP monitoring (ABPM), 2D echocardiogram and carotid-femoral (aortic) pulse wave velocity (PWV) measurement. For this report, we excluded 48 normotensive subjects (8.5%), totaling 523 hypertensive patients with type 2 diabetes evaluated. Diagnostic criteria for macrovascular and microvascular degenerative complications were detailed previously. 18, 21 In brief, coronary heart disease was diagnosed by clinical (history of angina or previous myocardial infarction), electrocardiographic (signs of ischemia or necrosis) or echocardiographic (segmental wall motion abnormalities) criteria, or by positive ischemic stress tests. Cerebrovascular disease was diagnosed by history and physical examination and peripheral arterial disease by systolic ankle-brachial index o0.9. The diagnosis of diabetic retinopathy was made by an ophthalmologic examination, performed by an experienced ophthalmologist. The diagnosis of nephropathy 20 needed at least a urinary albumin excretion rate X30 mg per 24 h or proteinuria X0.5 g per 24 h in two nonconsecutive sterile 24-h urine collections or confirmed reduction of glomerular filtration rate (calculated by Cockcroft-Gault formula, o60 ml min À1 per 1.73 m 2 ). Peripheral neuropathy was ascertained by history and clinical examination (knee and ankle reflex activities, feet sensation with the Semmes-Weinstein 5.07 monofilament and vibration, using a 128-Hz tuning fork). Neuropathy was defined as the presence of at least two of the following symptoms: reduced vibration perception, insensitivity to monofilament and absent tendon reflexes. Laboratory evaluation included fasting glycemia, glycated hemoglobin, serum creatinine and lipid profile. Dyslipidemia was defined by an abnormal lipid profile, following the guidelines of the National Cholesterol Education Program, 22 or by being prescribed any hypolipemic drug. Urinary albumin excretion rate, proteinuria and creatinine were evaluated in two nonconsecutive sterile 24-h urine collections. Two-dimensional transthoracic echocardiography (Sonoline G60S; Siemens, Munich, Germany) was performed by the same experienced observer. Left ventricular mass was calculated by Devereux's formula 23 and indexed to height 2.7 (left ventricular mass index, LVMI). Left ventricular hypertrophy (LVH) was defined as LVMI 444 g m À2.7 in women and 448 g m À2.7 in men. 24 
Blood pressure measurements
Office BP was measured three times using a digital oscillometric BP monitor (HEM-907 XL; OMRON, Omron Healthcare, Kyoto, Japan) with a suitable sized cuff. The first measure was discarded and BP considered was the mean between the two last readings. Another set of office BP measurements was performed 2 weeks later. 
Arterial stiffness measurement
Immediately after the 24-h ABPM recording, a single trained independent observer unaware of other patients' data, measured PWV along the descending thoracoabdominal aorta using the foot-to-foot velocity method with the Complior equipment (Artech Medical, Pantin, France), previously validated. 25 Methods used were detailed elsewhere. 18 Briefly, waveforms were obtained transcutaneously over the right common carotid and the right femoral arteries simultaneously during a minimum period of 10-15 s. Three consecutive readings were obtained and PWV considered was the mean between them. Increased arterial stiffness was defined as aortic PWV 412 m s À1 . 26 
Statistical analysis
Statistics was carried out by SPSS 13.0. statistical package (SPSS Inc., Chicago, IL, USA). Continuous variables were described as means (s.d.'s) when normally distributed or as medians (interquartile range) when asymmetrically distributed. Overall comparisons among the four subgroups of patients were performed by one-way analysis of variance (for continuous normal variables), Kruskal-Wallis test (for continuous asymmetrical variables) and w 2 -test (for categorical variables). Post hoc comparisons with the reference subgroup with controlled office-ambulatory hypertension were performed with Bonferroni correction for multiple comparisons. Independent associations between continuous aortic PWV and LVMI with uncontrolled isolated office hypertension status were examined by a general linear model with adjustments for the following covariates: age, gender, body mass index, smoking status, dyslipidemia, macrovascular and microvascular diabetic complications, glycated hemoglobin, creatinine clearance, 24-h ambulatory SBP, number of drugs and specific classes of antihypertensive drugs in use. The multivariate analyses regarding aortic PWV were further adjusted for mean heart rate during PWV measurement. Associations between increased aortic stiffness and LVH with uncontrolled isolated office hypertension status were tested by multivariate logistic regression with adjustment for the same covariates. A two-tailed P-value o0.05 was regarded as significant.
RESULTS
Baseline characteristics of patients grouped according to office and ambulatory BPs BP patterns according to office and 24-h BP levels were as follows: 152 patients (29. 1%) had controlled office-ambulatory hypertension, 172 (32.9%) uncontrolled isolated office hypertension, 42 (8.0%) uncontrolled masked hypertension and 157 (30.0%) uncontrolled officeambulatory hypertension. Table 1 outlines the characteristics of the four subgroups. Patients with uncontrolled isolated office hypertension resembled those with controlled BP except that they were slightly older, less frequently current smokers, had a nonsignificant higher prevalence of diabetic retinopathy and used more antihypertensive drugs. Otherwise, patients with uncontrolled masked hypertension resembled those with uncontrolled office-ambulatory hypertension, except for a lower prevalence of diabetic nephropathy and for using fewer antihypertensive drugs. Table 2 shows office and ambulatory BP levels of the four subgroups of patients. Beyond presenting higher office BPs, patients with uncontrolled isolated office hypertension had also slightly higher ambulatory SBPs, both during daytime and nighttime periods. Mean difference in 24-h SBP between those with controlled office-ambulatory hypertension and uncontrolled isolated office hypertension subgroups was 2.0 mm Hg (95% CI: 0.2-3.8 mm Hg, P¼0.029). Independent associations between arterial stiffness and left ventricular mass with uncontrolled isolated office hypertension Table 3 presents crude nonadjusted and adjusted associations between aortic stiffness and LVMI, analyzed both as continuous and as categorical variables, with uncontrolled isolated office hypertension in comparison to the reference subgroup with controlled officeambulatory hypertension. Patients with uncontrolled isolated office hypertension had significantly higher aortic PWV, both nonadjusted and adjusted for several potential confounders, than those with controlled BP. On logistic regression, the presence of uncontrolled isolated office hypertension was independently associated with a 2.7-fold (95% CI: 1.3-5.5) higher risk of having increased aortic stiffness (PWV412 m s À1 ) than patients with controlled officeambulatory BPs, after the same multivariate adjustment. In the same manner, patients with uncontrolled isolated office hypertension had higher nonadjusted LVMI than those with controlled officeambulatory hypertension and this difference persisted after proper statistical adjustment for potential confounders. Otherwise, uncontrolled isolated office hypertension status implied a significantly 2.1-fold (95% CI: 1.1-4.0) increased odds of having echocardiographic LVH after multivariate adjustment by logistic regression. Changing the cutoff value for considering controlled BP to o130/ 80 mm Hg in office and to o120/75 mm Hg in ambulatory measurements decreased the number of individuals in the subgroups with controlled office-ambulatory hypertension (66 patients, 12.6%) and with uncontrolled isolated office hypertension (154 patients, 29.4%), whereas it increased the number of patients with uncontrolled office-ambulatory hypertension (270 patients, 51.6%). Even though, patients with uncontrolled isolated office hypertension persisted with higher aortic PWV and LVMI than patients with controlled office-ambulatory BP (Table 4) . However, due to the smaller number of patients in each subgroup, a comprehensive multivariate adjustment could not be performed.
DISCUSSION
This study evaluated the associations between two markers of preclinical cardiovascular disease, increased aortic stiffness and left ventricular mass, and the occurrence of uncontrolled isolated office hypertension in type 2 diabetic patients. It showed that subjects with uncontrolled isolated office hypertension had higher aortic stiffness and LVH prevalence than those with controlled office-ambulatory hypertension, after adjusting for several potential confounders including ambulatory BP levels, hypertension severity (reflected by the number of antihypertensive drugs and specific classes of drugs in use), metabolic parameters and presence of macrovascular and microvascular diabetic complications. Therefore, it suggests that uncontrolled isolated office hypertension may not be a benign Ambulatory 24 h 69 (7) 69 (7) 81 (9)* 81 (10)* o0.001
Ambulatory daytime 71 (7) 70 (7) 84 (9)* 83 (9)* o0.001
Ambulatory nighttime 64 (8) 64 (8) 73 (11) condition, as increased aortic stiffness and LVH have been convincingly shown to predict a worse cardiovascular outcome in several clinical conditions, 10,27-30 including type 2 diabetes. 31 It also provides evidence in favor of treating white-coat hypertension in type 2 diabetic patients, a recent debated question. 32, 33 Few previous studies evaluated the relationships between aortic stiffness and isolated office hypertension, generally with small number of individuals and none in diabetic patients. The first one 16 suggested that patients with isolated office hypertension had higher aortic stiffness than those with sustained normal BP only if they had concomitantly other cardiovascular risk factors, such as diabetes or dyslipidemia. Another study 34 also reported greater aortic PWV in isolated office hypertensives than in sustained normotensives. However, a third study 35 did not find differences in aortic PWV between sustained normotensives and white-coat hypertensives. Our results cannot be compared to these previous reports because we enrolled only type 2 diabetic patients with treated hypertension. A recent study 12 reported a greater prevalence of diabetic retinopathy and clinical nephropathy (macroalbuminuria) in type 2 diabetic patients with isolated office hypertension in comparison to sustained normotensives. Interestingly, we have recently reported 18 that the presence of microvascular complications is associated with increased aortic stiffness. Furthermore, our subgroup with uncontrolled isolated office hypertension had a greater prevalence of diabetic retinopathy than those with controlled office-ambulatory BP. Otherwise, we showed that the significant association between increased aortic stiffness and uncontrolled isolated office hypertension was independent of the presence of microvascular and macrovascular chronic diabetic complications. Hence, increased large artery stiffness may be the pathophysiological mechanism underlying the reported 12 association between isolated office hypertension and diabetic microvascular complications. Alternatively, both large artery and microcirculation may be damaged by the sudden BP rises that occur frequently in isolated office hypertension patients due to sympathetic overactivity. This has been shown to acutely increase retinal blood flow, which may be deleterious to retinal microcirculation. 19 Contrary to aortic stiffness, the relationships between increased left ventricular mass and isolated office hypertension have been extensively evaluated, although also with controversial results. [7] [8] [9] [36] [37] [38] The two largest studies, for example, reported opposite findings: one, 7 with 1632 individuals from a population-based sample, found an increased LVMI in patients with isolated office hypertension, after adjustments for age, gender and 24-h BP, whereas the other, 38 with 1535 consecutive patients referred for ABPM, reported no difference in LVMI between isolated office hypertensives and sustained normotensives. These discrepancies possibly originated from multiple reasons: different characteristics of patients evaluated (treated or untreated), different selection criteria (population-based or from a reference hypertension clinic), different selection of normotensive controls and also different cutoff values for defining ambulatory BP normality. In particular, the lack of established ABPM partition values for defining hypertension diagnosis and therapeutic targets in diabetic patients remains an important unresolved issue. 39 Most importantly, the significance of either uncontrolled isolated office hypertension or isolated office hypertension to predict future cardiovascular morbidity and mortality remains unsettled. Studies focusing on target-organ damage suggested that patients with isolated office hypertension may be at an intermediate risk between sustained normotensives and those with sustained hypertension. [7] [8] [9] 33 One metaanalysis and a study pooling data from four studies, all prospective cohorts, reported divergent results. The meta-analysis 6 found a nonsignificant 12% higher risk of cardiovascular events in isolated office hypertensives (two of the seven studies included were performed in treated hypertensives), whereas the other study 1 reported a trend toward an increased risk of stroke after the sixth year of follow-up in relation to sustained normotensives (in one of the four pooled studies antihypertensive medication was not withdrawn). Clearly, additional prospective studies with large number of individuals and long-term follow-up are needed to clarify this issue.
It should be emphasized that in this study, similar to others, 7,11 diabetic patients with uncontrolled isolated office hypertension had ambulatory BPs, although in the normal range, slightly higher than those with controlled office-ambulatory BP (in this study a mean difference of 2 mm Hg in 24-h SBP). This might explain, at least in part, the higher prevalence of subclinical cardiovascular disease in uncontrolled isolated office hypertension patients, because it is known that the relation between BP and cardiovascular disease is linear also in the normal BP range. 7 Nonetheless, it does not entirely accounts for the increased cardiovascular risk profile associated with the white-coat effect, because the associations with increased aortic stiffness and LVH persisted after adjusting for 24-h BP levels. We may speculate that the increased LVM and aortic stiffness associated with uncontrolled isolated office hypertension may depend at least in part on neurohumoral, metabolic or other factors unrelated to BP levels. Among the mechanisms involved, an abnormal sympathetic response to environmental stimuli leading to acute rises in BP could lead to cardiovascular damage. 11, 18 This study has some potential limitations. The cross-sectional design of this study precludes any causal inferences regarding the associations between aortic stiffness and LVH with the white-coat effect. All patients were under antihypertensive treatment or had uncontrolled office hypertension, so these results may not be generalized to normotensive diabetic patients. Furthermore, the associations of uncontrolled isolated office hypertension with both subclinical markers of cardiovascular disease remained significant even after adjusting for the number and each antihypertensive drug class in use; although a residual confounding effect of antihypertensive treatment cannot be ruled out. Also, the inclusion of subjects under antihypertensive treatment is common in most studies comparing the prognosis of different ABPM subgroups. 6 Finally, this study was carried on in a tertiary-care hospital, with predominantly middle aged to elderly individuals and probably more severe patients, so our findings may not be generalized to younger diabetic patients and to patients followed-up at primary-care centers.
In conclusion, this study shows in a relatively large group of type 2 diabetic patients, independent associations between uncontrolled isolated office hypertension (white-coat effect) and increased aortic stiffness and LVH, two well-known markers of adverse cardiovascular outcomes. These relationships may be a pathophysiological link to augmented cardiovascular risk independent of other established determinants of cardiovascular damage; and uncontrolled isolated office hypertension shall not be considered a benign condition in type 2 diabetic patients.
